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SCIENTIFIC NOTE

HABITATS AND DISTRffiUTION OF ANOPHELES SINENSIS AND
ASSOCIATED ANOPHELES HYRCANUS GROUP IN JAPAN

LEOPOLDO M. RUEDA.' MASASHIRO IWAKAMI.2.b MONICA O'GUINN.2.• MOTOYOSHI MOm.'
BRIAN F. PRENDERGAST,-·' ICHIRO MIYAGI,> TAKAKO TOMA.' JAMES E. PECOR' AND

RICHARD C. WILKERSON'

ABSTRACT. Mosquito collections were carried out in August 2002 and July 2003 in Japan. Anopheles
sinensis of the Hyrcanus Group. Myzomyia Series of Anopheles. was the most common species encountered.
The distribution and habitats of 5 Anopheles Hyrcanus Group species are included. Eight species belonging to
Aedes. Cllle."C. and Uranotal'1lia were found associated with An. sinensis in rice paddies and a variety of other
larval habitats.
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The Anopheles Hyrcanus Group consists of sev
eral species that are vectors of malaria and other
mosquito-borne diseases in the Oriental and Pale
arctic regions. The group. as currently defined. in
cludes about three quarters of the species that com
prise the Myzorhynchus Series of genus Anopheles
subgenus Anopheles. The group has about 30 spe
cies. with the addition of 2 newly described species
(Li et aI. 2005. Rueda 2005) in the Oriental and
Palearctic regions.

Anopheles hyrcanus (Pallas 1771) was initially
recorded (as Culex) from the southern shores of the
Caspian Sea. It was shown to have a wide distri
bution from Europe to east and southeastern Asia.
including islands in the Indian and Pacific Oceans.
It became apparent that the taxon included a num
ber of morphologically distinct forms and that some
were involved in the transmission of malarial and
filarial parasites in the Oriental and Eastern Pale
arctic regions. Subsequently, about 30 species have
been described and named (Ramsdale 2001. Har
bach 2004, Rueda 2005). Harbach (2004) listed 27
species in the Hyrcanus Group. with 6 species
placed in the Lesteri Subgroup. 4 in the Nigerrimus
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Subgroup. and 17 in the unassigned subgroup. He
omitted An. yatsllslziroensis Miyazaki and An. al
botaeniatlts (Theobald) from his Hyrcanus Group
list. with the latter being transferred to the Albo
taeniatus Group and the former currently a syno
nym of An. puUltS M. Yamada (Shin and Hong
2001, Hwang et al. 2004). Twenty-seven species of
the Hyrcanus Group are found in the Oriental and
Eastern Palearctic regions, and only 3 species have
a western Palearctic distribution (from western Chi
na and south of 500 N) (Rarnsdale 2001). In this
paper, we treated An. yat.mshiroensis as a valid spe
cies because the genetic comparison to type speci
mens from the type locality of An. yatsushiroensis.
Yatsushiro City. Japan. is still needed to rule out
the possibility that this is a valid species.

In Japan, there are only 5 known species of the
Hyrcanus Group: An. sinensis Wiedemann, An. si
neroides Yamada. An. engarensis Kanda and Ogu
rna. An. lesteri Baisas and Hu. and An. yatsllshi
roensis (Tanaka et aI. 1979). The type locality of
each species is listed in Table l.

Anopheles sinensis is the most common anoph
eline species in Japan, including Ryukyu Islands
(Tanaka et al. 1979). It has long been suspected that
it is the most important vector of malaria in Japan.
including Okinawa and Hokkaido. Even though in
digenous malaria has disappeared. this vector re
mains abundant throughout Japan. It is a known
vector of malaria in Korea and China, and it has a
wide distribution in Asia (Harrison and Scanlon
1975, Tanaka et aJ. 1979. Rueda et aI. 2005a).
Anopheles Jested is a very important vector of ma
laria in China. Based on a combination of published
and newly generated rDNA ITS2 sequences, Wilk
erson et a1. (2003) found that An. lesteri from the
Philippines (type locality of true Jesteri) and Korea
and so called An. anthropophaglls from China are
synonymous. with An. anthropophagus as the ju
nior synonym. To clarify and stabilize the taxon,
Rueda et aI. (2005b) designated and described the
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Table I. Type locality of Anopheles Hyrcanus Group species in Japan.

Species Type locality Reference

An. sinensis
An. engarensis
An. yatsushiroensis
An. sineroides
An. lested

China: Guangzhou
Japan: Hukkaido (Engaru)
Japan: Kyushu (Yatsushiro)
Japan: Hokkaido (Bibai)
Philippines: Manila (Sla. Mesa)

Laguna (Calauan)-neotype

Wiedemann 1828
Kanda and Oguma 1978
Miyazaki 195 I
Yamada 1924
Baisas and Hu 1936

Rueda et al. 2005b

neotype and alloneotype of An. lesteri. This species
was suspected as an important vector of indigenous
malaria in Japan. but particularly in Hokkaido.
where it commonly occurs in great numbers. [t is
also common in the Ryukyus Islands and has been
found more frequently in coastal regions ilian in
land in Honshu and Kyushu (Tanaka et al. 1979).
Shin and Hong (2001) and Hwang et aJ. (2004)
considered An. yatsushiroellsis as a synonym of An.
pul/us based on molecular and morphological data
of Korean specimens. We did not collect All. pul/us
during our collections in 2002 and 2003 in Japan.

and no report indicates the existence of An. pul/us
in that country. However. because the type locality
of An. yatsushiroellsis is in Japan. it is necessary
(0 do a genetic comparison of An. pul/us from Ko
rea with the topotypic specimens from Japan to re
solve definitively if the two are synonyms or not.
Anopheles yatsushiroellsis is not known as a vector
of indigenous malaria in Japan. Anopheles Pill/us is
considered a potential vector of vivax malaria in the
Korean Peninsula. The other Hyrcanus Group spe
cies, An. silleroides and All. engarensis. are not
known vectors of indigenous malaria in Japan.
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Fig. I. Map of Japan showing the distributi()R of Anopheles Hyrcanus Group (based on observed and published
specimens). (A) Hokkaido district. (B-F) Honshu. (G) Shikoku district. (H) Kyushu district. (l) Amami Gunlo. (J)
Okinawa Gunlo. (K) Miyako and Yaeyama Gunlo.
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Table 2. Distribution of Anopheles Hyrcanus Group species in Japan <based on observed and published specimens).

An. An. An. An. An. yatsu-
Location engarensis lester; s;neroides sinensis sh;roens;s

Amami Oshima Is.: Akagina 61

Amami Oshima Is.: Koniya I
Amami Oshima Is.: Nishinakama 6 6
Amami Oshima Is.: Yuwan 6.7 6
Hokkaido: Bibai 6 7
Hokkaido:Engaru 6.7 7 6.7
Hokkaido: Hakodule I
Hokkaido: Nagayama 7
Hokkaido: Rubeshibe 6,7 6 7
Hokkaido: Sakura-oka 7 7
Hokkaido: Sapporo 6
Honshu: Aomon Pref., Sukayu 6, 7
Honshu: Chiba Pref., Imba-Numa 2.5
Honshu: Chiba Pref.. Shirahama
Honshu: Chiba Pref., Tateyama
Honshu: Chiba Pref.• Teganuma 6
Honshu: Ishikawa Pref.. Kamiosaki I
Honshu: Ishikawa Pref., Wajima I
Honshu: Kanagawa Pref., Atsugi 6.7
Honshu: Kanagawa Pref.• Ayase 6
Honshu: Kanagawa Pref.• Hiratsuka 7
Honshu: Kanagawa Pref., Nakatsu Valley 6
Honshu: Kanagawa Pref., Sagamihara 6.7 6
Honshu: Kanagawa Pref.• Toya 6.7
Honshu: Kanagawa Pref.• Yamato 6.7 6
Honshu: Kanagawa Pref., Zama 6 6
Honshu: Kyoto Pref., Hikone 5
Honshu: Kyoto Pref.. Ogura 4,5
Honshu: Nagano Pref.. Nonkura-kogen 6
Honshu: Okoyama Pref., Kurashiki 6
Honshu: Okoyama Pref., Utoma 6 6
Honshu: Shizouka Pref.. GOlenba I
Honshu: Shizouka Pref., Misakubo 6
Honshu: Shizouka Pref., Shimoda I
Honshu: Tokyo Pref.. Hachioji 6 6
Honshu: Tokyo Pref., Kamiosaki I
Honshu: Tokyo Pref., Seroganeshizenen I
Honshu: Tokyo Pref., Shakuji I
Honshu: Tokyo Pref., Tachikawa 6
Honshu: Tokyo Pref.. Ueno 6 6
Irimote Is.: Itokawa-nndo 6
Irimole Is.: MI. Barna 6
Irimote Is.: Ohara 6
Irimole Is.: Uehara 6
Ishigaki Is.. Inoda 6
Ishigaki Is.: Miyara Riv. 6
Ishigaki Is.: Mt. Maeshi 6
Ishigaki Is.: Mt. Omolo 6 6
Ishigaki Is.: Nagura 6
Ishigaki Is.: ncar Kabira 6
Ishigaki Is.: Yashigawa 6
Ishigaki Is.: Yoshiwara 6
Kyushu: Fukuoka Pref.. Yanagawa 3 '.Kyushu: Kagoshima Pref.• Kagoshima 6, 7
Kyushu: Kagoshima Pref.. Shiroyama 6
Kyushu: Kagoshima Pref.• Taniyama 6
Kyushu: Kumamolo Pref.• Minamata 3
Kyushu: Kumamoto Pref., Nishisato 7
Kyushu: Kumamoto Pref.. Tamana 6.7
Kyushu: Kumamoto Pref., Ueki 7
Kyushu: Kumamoto Pref.. Uto 6
Kyushu: Kumamoto Pref., Yatsushiro 6, 7 3
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Table 2. Continued.
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Location
All.

ellgClrensis
All.

lesteri
All.

silleroides
All.

si/lellsis
All. Jars,,
.~hiroensis

Kyushu: Nagasaki Pref.• Aino 6
Kyushu: Nagasaki Pref.• Fukushima Is. 7
Kyushu: Nagasaki Pref.• Isahaya 6
Kyushu: Saga Prer., Ahikari 7
Kyushu: Saga Pref., Saga and south of Saga 7 3
Kyushu: Saga Pref., Tosu 6
Kyushu: Wakayama. Kushimoto 1
Okinawa Is.: Ginowan 6
Okinawa Is.: Igei 7
Okinawa Is.: Kcna Dam 7
Okinawa Is.: Kin 7
Okinawa Is.: Ojina 6. 7
Okinawa Is.: Toguchi 6
Okinawa Is.: Yona 6
Shikoku: Kochi. Ashizuri-misaki 6
Tsushima Is.: Asamo 6
Tsushima Is.: Kuwa 6
Tsushima Is.: Naiin 6
Yonaguni Is.: near Sonai 6 6

, 1 = Kurihara (\999); 2 = Miyake (1950): 3 = Miyazaki (1951):" = Olsuru and Konoc (1951); 5 = O"uru and Ohmon (1960):
6 = Tanaka el ai, (1979): 7 = observed specimen~ (museum and field collecled),

We conducted 40 mosquito collections in Japan
in August 2002 and July 2003. resulting in 223 in
dividually reared pinned adults, 138 individually
reared adults preserved in 100% ethyl alcohol for
molecular tests, and 351 with exuviae of larvae and
pupae and whole larvae. In addition, 3 type local
ities in Japan were visited to collect mosquitoes in
2003, namely Yatsu."hiro for An. yatsushiroellSis,
Bibai for An. sineroides. and Engaru for An. en
garellSis. In 2002, only the type locality in Yatshu
shiro was visited for collection. We initially target
ed larval collections from those habitats where
mosquitoes in the genus Anopheles were likely to
be found. Larvae and pupae from various habitats
were collected using dippers and individually
reared to the adult stage (Walter Reed Biosyste
matics Unit 2001). Larval and pupal skins were
preserved in 80% ethyl alcohol and slide mounted
using standard protocols. Emerged adults were

pinned, provided with appropriate collection data.
and identified. Some adults and whole larvae were
separately preserved in 100% ethyl alcohol for mo
lecular analysis. Adult specimens and associated
JarvaVpupal exuviae were identified using infor
mation from Tanaka et al. (1979). Voucher speci
mens are deposited in the National Museum of Nat
ural History, Smithsonian Institution. Washington.
DC.

Specimens of Anopheles Hyrcanus Group spe
cies deposited at various museums were examined.
including those in the Entomology Museum of the
National Institute of Infectious Diseases. Tokyo. Ja
pan; University of Hokkaido. Insect Museum. Sap
poro, Japan; and the National Museum of Natural
History. Smithsonian Museum, Washington. DC.
To further confirm the identification of 2 Anopheles
species (Le., An. sinellsis and All. silleroides). DNA
was isolated from individual adult mosquitoes by

Table 3. Habitats of Anopheles Hyrcanus Group species in Japan and other Asian countries.

Species

An. sinensis

An. engarensis
An. yatsllshiroenses
An. sineroides

An. festerjJ

Larval habitat'

Rp, SP
ID.MA.SW

CR. GP, PO. RP. GP
CR.lD. RP
GP, PO. RD. SM

RH
GP, IW. MA. PO. RP, SM

HD

Locality

Japan
Thailand

Japan
Japan
Japan
Korea
Japan
Philippines

Reference

Tanaka et al. 1979,1
Harrison and Scanlon
ct al. 1975

Tanaka el al. 1979
Tanaka et al. 1979
Tanakll et al. 1979'
Tanaka et al. 1979
Tanaka el al. 1979'
Rueda et al. 2005b'

, CR. cn:ek: GP, ground pool; HD, hill dilch: to, irrigalion ditch; tW. impounded wlller; MA. marsh: PO. pond; RD. road and olher
dilches: RH. rock hole; RP. rice paddy: SM. ~Iream margin; Sp' siream pool: SW. swamp.

, Observed museum and field-eollccled specimens.
) Prefer cooler and shaded areas unlike All. sillellsis. and more common in coaslal areas Ihan inland (Tanaka Cl a!. 1979).
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phenol-chloroform extraction as described in Wilk
erson et al. (1993). Direct sequencing of ribosomal
DNA ITS2 was carried out. and the results were
compared with those of Wilkerson et al. (2003).

Figure I and Table 2 show the distribution of 5
Anopheles Hyrcanus Group species. based on our
field-collected data. museum specimen data. and
published information (Miyake 1950. Miyazaki
1951. Otsuru and Konoe 1951. Otsuru and Ohmori
1960. Tanaka et at. 1979. Kurihara 1999). Anoph
eles sinensis occurs almost all throughout Japan
(Honshu. Shikoku. and Kyushu districts and Rukyu
Archipelago). Anopheles /esteri is found from the
southern areas (Ryukyu Archipelago) to the north
ern areas (e.g.• Hokkaido). Allopheles yot.mslliroell
sis is known to occur primarily in the Honshu and
Kyushu districts. Anopheles ellgaremis is confined
to Hokkaido. whereas All. sineroides occurs in
Hokkaido and other areas of Japan.

Table 3 shows the habitats of An. sinellsis, An.
s;neroides. An. engarellsi.f. All. lesteri, and An. yot
sllslliroensis at various areas of Japan based on our
field-collected data. museum specimen data. and
published information. The larvae of all species.
except An. s;neroides. are found in rice paddies.
During our 2003 survey. we found that the mean
water pH (6.8). conductivity (0.17 JLS), and salinity
(0.07 ppm) of the larvaVpupal habitats of An. si
nens;s and associated species in rice paddies were
greater compared with the irrigation ditches (6.5,
0.07. and 0.03. respectively). The mean water tem
perature (27.5°C) of these rice paddy habitats was
lower compared with the irrigation ditches
(30.5°C). We found the larvae of An. sinensis as
sociated in the rice paddies with Cillex (Cillex) tri
taen;orhynchlls Giles at Saga (Saga Prefecture) and
Yatsushiro (Kumamoto Prefecture). in the rice pad
dies with Cx. (CIIX.) b;taeniorhynclllts Giles at
Nishisato (Kumamoto Prefecture). and in the taro
or "rotas" irrigated fields with Cx. (Lophocera
omyia) infantulils Edwards. Cx. (CIIX.) tritaneor
hynchus. Cx. (Lutzia) fuscanlls Wiedemann, and
Uranoloenea (Uranolaenell) IIwcfar/ane; Edwards
at Kin. Okinawa. We also collected from other lar
val habitats where Anopheles species were absent
and found the following species: Aedes (Aedimor
plms) vexans nipponii (Theobald) in rice paddies at
Kin. Okinawa; Cx. (Cux.) triloneorlzynchus and Cx.
(Eumelanomyia) ha)'aslzii r)'ukyuQllu.r Tanaka. Mi
zusawa, and Saugstad in creeks or ditches at Camp
Gonsalves, Okinawa; Cx. (Eumelanomyia) hoyas/lii
hayos/lii Yamada in rice paddies at Asahikawa
(Hokkaido); Cx. (CIIX.) p;piens pallens Coquillett
and Cx. (Lop.) infamu/lls in stream margins at Sap
poro (Hokkaido); and Cx. (CIIX.) mimel;clls Noe in
rice paddies at Futoni and Bibai (Hokkaido).

This paper presents the habitats and distribution
of the 5 species of Hyrcanus Group of Anopheles
in Japan based on specimens collected in 2002 and
2003, museum specimens. and available references.
Our work provides readily available infornlation to

preventive medicine and public health personnel
who deal with malaria vector problems if sporadic
malaria cases appear in the future.
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